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Purpose: Although the metabolic syndrome (MS), which
can lead to the development of cardiovascular disease (CVD)
or diabetes mellitus (DM), is increasing in children and
adolescents, no unified criteria have been established, and little
attention has been paid to its occurrence in Korean children
and adolescents. In this study, we compared the prevalence of
the MS in Korean children and adolescents using the criteria
which were modified for children and adolescents by Cook et
al., Cruz and Goran, and Ferranti et al. Materials and Methods:
The study population was a nationwide representative sample
of 3,431 children and adolescents (1,828 boys and 1,603 girls)
from the 2001 Korean National Health and Nutrition Examina-
tion Survey (KNHANES), who were aged 10 -19 years (mean
14.1 ± 2.8), underwent a physical examination, and fasted for
8 hours before collecting blood samples. Results: The rates of
the MS were 6.1, 5.3, and 14.0% according to the criteria of
Cruz and Goran, Cook et al., and Ferranti et al., respectively,
and the agreement rate of the three sets of criteria was 88.7%.
Conclusion: Unified criteria for the MS and a strategy for
reducing obesity in children and adolescents will be necessary
to prevent the occurrence of this syndrome.
Key Words: Metabolic syndrome, prevalence, children and
adolescents, obesity
INTRODUCTION
The metabolic syndrome (MS) is characterized
as the clustering of dyslipidemia, hypertension,
hyperinsulinemia, and central obesity and con-
stitutes a risk factor for cardiovascular disease
(CVD). Moreover, MS confers greater risk than a
single risk factor for CVD.
1,2 The rate of the MS
in the United States was estimated at 23.7%
3
using the criteria of the Third Report of the
National Cholesterol Education Program Adult
Treatment Panel (NCEP-ATP III),
4 while in Korea,
the rate of this syndrome has increased from
23.6% in 1998 to 28.0% in 2001 based on the
KNHANES.
5
Recently, many studies have shown that the
rate of the MS in children and adolescents has
increased.
6-11 The main finding of those studies
was that the prevalence of the syndrome was
higher when the subjects were obese, and thus the
researchers stressed that the prevalence of the MS
would increase with the numbers of obese
children and adolescents.
9,10 However, no standard
exists for diagnosing this syndrome in children
and adolescents, and it is difficult to compare the
prevalence of the MS across nations and studies.
The criteria used for diagnosing the MS vary. The
Quebec City study used skin thickness instead of
waist circumference, mean blood pressure, and
blood insulin,
12 while a study of Hungarian
children used body fat instead of waist circum-
ference.
13 In addition, different researchers have
modified the MS criteria of the NCEP-ATP III
differently for children and adolescents. Of the
modified NCEP-ATP III criteria, those of Cook et
al.,
6 Cruz and Goran,
7 and Ferranti et al.
8 are
generally used. The three sets of criteria suggested
a cutoff point for high blood pressure using the
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sex-, and age-specific 90th percentile. In Korea,
too few studies have been conducted to establish
criteria for the MS in children and adolescents.
9,10
In this study, we compared the prevalence and
agreement rate of the MS according to the criteria
of Cook et al., Cruz and Goran, and Ferranti et al.
in Korean children and adolescents, using subjects
from the 2001 KNHANES.
MATERIALS AND METHODS
Data source and subjects
The data were derived from the 2001 KNHANES
conducted by the Korean Ministry of Health and
Welfare. KNHANES surveys have been conducted
as a cross-sectional health survey of nationally
representative samples of noninstitutionalized
civilian South Koreans at 3- to 4-year intervals
since 1992.
14
Data were collected from a stratified multistage
probability sample of South Korean households.
Examiners selected 4,400 households from the
13,200 primary sampling units, so the health
behavior survey was consisted of 10,368 individuals
aged 12 and older. The KNHANES survey involved
face-to-face interviews by trained interviewers,
and consisted of five components: the health
interview, health consciousness and behavior
survey, nutrition survey, and medical examination
survey. In all, 9,170 individuals completed the
interviews and the response rate was 88.45%. To
assure the equal probability of being sampled,
weightings were assigned to each respondent.
We investigated the general characteristics of
the study subjects and the prevalence of the MS
in 3,431 (959 survey samples) subjects aged 10 -
19 years from the 2001 KNHANES. A total of
1,305 people were identified to take part in the
survey. Of these, 346 individuals either had
missing anthropometric measurements or did not
fast properly prior to the blood test. Complete
data were obtained for the remaining 959 partici-
pants (73.5%). This weighting of 959 observations
resulted in 3,431 subjects representative of the
census population. However, the characteristics
of the 10 and 11 year olds were not included
because the survey examining health consciou-
sness and behavior was administered to subjects
who were at least 12 years old. The comparison
of the prevalence of the MS according to the
degrees of obesity in the criteria of Cook et al.,
Cruz and Goran, and Ferranti et al. was per-
formed with 3,128 (877 survey samples) subjects
after excluding the 19-year-old subjects. This was
necessary because the body mass index (BMI)
percentile was not reported for the 19-year-old
subjects using the body development standard in
children and adolescents of the Korean Pediatrics
Association.
15
Measuring the clinical data
The height and weight of the subjects were
measured by well trained examiners. Individuals
were requested to wear light clothing and to
take off their shoes. Height was determined to
0.1 cm using a stadiometer (850 - 2,060 mm;
Seriter , Washington, WA, USA), and weight to
0.1 kg using a scale (Giant-150N; HANA , Korea).
BMI was calculated by dividing the weight (kg)
by the square of the height (m
2). Waist circum-
ference was measured to 0.1 cm by measuring
the narrowest circumference between the lower
borders of the rib cage and the iliac crest.
Blood pressure was determined using a mercury
sphygmomanometer (Baumanometer , W.A.Baun.
co., NY, USA). The subjects were requested not to
smoke or drink caffeine during 30 minutes prior
to the measurement, and rested for at least 10
minutes. Blood pressure was measured twice on
all subjects at 5-minutes intervals. The first and
fifth Korotkoff sounds indicated the systolic and
diastolic blood pressure (SBP and DBP), respec-
tively. In this study, the average values of two
SBP and two DBP were used separately.
Blood samples were obtained in the morning
through an antecubital vein using vacutainer
tubes containing EDTA from the subjects who had
fasted overnight, and then centrifuged, refrigerated
and transferred to a national central laboratory in
Seoul. Plasma fasting glucose, serum triglycerides,
high-density lipoprotein (HDL) cholesterol,
aspartate aminotransferase (AST), and alanine
aminotransferase (ALT) were analyzed using an
enzymatic technique (Hitachi 747 auto-analyzer;
Hitachi, Tokyo, Japan).Metabolic Syndrome in Korean Children
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Definition of the MS in Korean children and
adolescents
The MS was defined using the modified NCEP-
ATP III criteria of Cook et al., Cruz and Goran,
and Ferranti et al. (Table 1). The three sets of
criteria suggested a cutoff point for high blood
pressure using the sex-, age-, and height-specific
90th percentile, while this study used a sex- and
age-specific 90th percentile cutoff only because of
the small number of cases.
The MS was defined as present when the
participants had more than three of the following
five metabolic components: high blood pressure,
abdominal obesity, hypertriglyceridemia, high
fasting glucose, and low HDL cholesterol. However,
the detailed definitions of each criterion differed
slightly. In the criteria of Cruz and Goran, hyper-
triglyceridemia, high fasting glucose, and low
HDL cholesterol differed from those of Cook et
al., and in the criteria of Ferranti et al., abdominal
obesity, hypertriglyceridemia, and low HDL
cholesterol differed from those of Cook et al.
Definition of the agreement rate of MS prevalence
The agreement rate of MS prevalence was
defined as the sum of the percentages that met all
three sets of criteria
6-8 and those did not meet any
set of criteria.
Kappa index of agreement statistics was
calculated as well. The Kappa index is used to
measure the reliability that takes into account the
agreement expected on the basis of chance. A
Kappa index of one indicates perfect agreement
and a value of zero indicates no agreement better
Table 1. Criteria Used to Identify the Metabolic Syndrome in Children and Adolescents in This Study
Cook et al.
6 Cruz and Goran
7 Ferranti et al.
8
NCEP-ATP III modified for
children and adolescents
3 components
NCEP-ATP III modified for
children and adolescents
3 components
Extrapolation from NCEP-ATP III
3 components
High blood pressure
sex-, age-, and height-specific*
90th percentile
Same as Cook et al.
6* Same as Cook et al.
6*
Abdominal obesity, waist
circumference
sex- and age-specific 90th
percentile
Same as Cook et al.
6 Abdominal obesity, waist
circumference
sex- and age-specific 75th
percentile
Hypertriglyceridemia
triglyceride level 110 mg/dL
Hypertriglyceridemia
triglyceride level sex-, age-,
and height-specific 90th percentile
Hypertriglyceridemia
triglyceride level 100 mg/dL
High fasting glucose
fasting glucose level 110 mg/dL
Impaired glucose tolerance,
(OGTT) 140 mg/dL or fasting
glucose level 100 mg/dL
Same as Cook et al.
6
Low HDL cholesterol
HDL cholesterol level < 40 mg/dL
Low HDL cholesterol
HDL cholesterol level sex-
and age-specific 10th percentile
Low HDL cholesterol
HDL cholesterol level < 50 mg/dL,
or for 15 - 19 yrs boys < 45 mg/dL
NCEP-ATP III, National Cholesterol Education Program--Adult Treatment Panel III; HDL, high-density lipoprotein; OGTT, oral
glucose tolerance test.
*A cutoff point for high blood pressure using the sex-, age-, and height-specific 90th percentile, while this study used a sex- and
age-specific 90th percentile cutoff only because of the small number of cases.Su Jin Seo, et al.
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than chance.
Definition of obesity in Korean children and
adolescents
The people who were obese were assessed
using the sex- and height-specific standard weight
suggested by the Korean Pediatric Association in
1998.
15 Five groups were assigned according to the
degree of obesity: underweight (< 80%), normal
(80 - 120%), mild obesity (120 - 130%), moderate
obesity (130 - 150%), and severe obesity (> 150%).
Definitions of other factors
Age was divided into two groups: the 10 - 14-
and 15 - 19-year-old groups. Residential area was
assessed using the number of households and
classified as a city or a rural area. The equivalent
household income was calculated by dividing the
monthly household income by the square root of
the number of household members, and was
divided into two groups: under 1,000 won and
over 1,000 won.
Alcohol consumption was assessed using a
single item: "How often do you usually drink
alcohol?" Responses were on a 5-point interval
scale (often, sometimes, seldom, never, and used
to). The responses were divided into two categories:
drink alcohol (often, sometimes, and seldom) and
do not drink alcohol. Smoking was classified into
two groups: current smoker and nonsmoker
(including ex-smoker).
Physical exercise was assessed using the
question, "How often in the past month did you
exercise so hard that you sweated and became
short of breath?" It was defined as any activity
lasting at least 30 minutes per session and
classified into two groups: < 2 sessions a week
and 3 sessions a week.
The sufficiency of sleep was assessed using a
single item: "Do you get sufficient sleep to feel
healthy every day?" Possible answers were 1 =
more than enough, 2 = enough, 3 = not enough,
and 4 = far too little, and these responses were
categorized as yes (more than enough, enough) or
no (not enough, far too little).
The perceived stress rate was assessed using the
question, "How much stress do you usually feel?"
The responses was categorized as light (very little,
little) or heavy (much, very much).
Abnormal liver function was defined as AST >
40 IU/L or ALT > 40 IU/L. Family history of DM,
hypertension/cerebrovascular accident (CVA),
CVD, and liver disease was investigated using yes
or no responses.
Dietary intake was assessed using the single 24-
hour recall method
16 by experienced interviewers.
Before testing, all subjects were instructed to
maintain their usual dietary habits. In this study,
the daily energy intake and percentages of three
nutrients (carbohydrates, fat, and protein) were
calculated using a computer program (CAN,
Korean Nutrition Society, Seoul, Korea).
17
Statistical analysis
The weights from the Korea Institute for
Health and Social Affairs were applied. This
weighting of 959 resulted in 3,431 subjects repre-
sentative of the Korean children and adolescent
population aged 10 to 19 years in gender and
age of 2001. The characteristics of boys and girls
in the study were compared using an indepen-
dent t-test and chi-square test. All statistical
analyses were performed with SPSS (version
13.0, SPSS, Chicago, IL, USA), with p < 0.05
considered statistically significant.
RESULTS
General characteristics of the study subjects
The general characteristics of study subjects by
sex are presented in Table 2. The 3,431 subjects in-
cluded 1,828 boys (53.5%) and 1,603 girls (46.7%).
Their mean age was 14.1 ± 2.8 years, and the mean
BMI was 20.6 ± 3.6 kg/m
2. The mean waist
circumference was 70.4 ± 9.7 cm. The percentage
of total energy intake from fat was 21.6%. About
80% of the study population lived in cities.
Regarding the degree of obesity, 16.6% of the boys
and 11.7% of the girls were obese. The subjects
who exercised, smoked, and drank constituted
25.3, 11.6, and 33.6% of the boys and 7.4, 1.0, and
26.5% of the girls, respectively (p < 0.001). Of the
subjects, 29.6% of the boys and 41.6% of the girlsTable 2. General Characteristics of the Study Subjects by Gender
Variables Total (n = 3,431)
Boys (n = 1,828) Girls (n = 1,603)
p value*
Mean ± SD Mean ± SD
Age (yrs) 14.1 ± 2.8 14.1 ± 2.8 14.0 ± 2.8 0.182
BMI (kg/m
2) 20.6 ± 3.6 21.0 ± 3.8 20.1 ± 3.3 < 0.001
Waist circumference (cm) 70.4 ± 9.7 73.1 ± 10.5 67.4 ± 7.6 < 0.001
Systolic blood pressure (mmHg) 110.6 ± 11.5 113.9 ± 11.8 106.9 ± 9.9 < 0.001
Diastolic blood pressure (mmHg) 65.4 ± 11.1 66.3 ± 12.0 64.3 ± 9.8 < 0.001
Fasting glucose 93.5 ± 12.0 93.9 ± 12.1 93.0 ± 11.9 < 0.001
Total calories (kcal) 1,978.4 ± 828.4 2,200.6 ± 919.7 1,734.0 ± 630.2 < 0.001
Carbohydrates (%) 63.2 ± 9.8 62.1 ± 9.8 64.3 ± 9.6 < 0.001
Fat (%) 21.6 ± 8.5 22.1 ± 8.3 21.0 ± 8.6 < 0.001
Protein (%) 14.3 ± 3.7 14.5 ± 3.8 14.0 ± 3.5 < 0.001
n (%) n (%)
Age (years) 10 - 14 1,052 (57.5) 928 (57.9) 0.840
15 - 19 776 (42.5) 675 (42.1)
Residential area City 1,459 (79.8) 1,323 (82.5) 0.042
Rural area 369 (20.2) 280 (17.5)
Equivalent household income
(1,000 won)
< 1,000 807 (46.9) 760 (51.3) 0.014
> 1,000 912 (53.1) 722 (48.7)
Degree of obesity according to
the sex- and height-specific
standard weight
Underweight 91 (5.1) 160 (10.0) < 0.001
Normal 1,415 (78.3) 1,254 (78.3)
Obese 300 (16.6) 187 (11.7)
Exercise (sessions/wk) 2 938 (74.7) 992 (92.6) < 0.001
3 317 (25.3) 79 (7.4)
Smoking No 1,110 (88.4) 1,060 (99.0) < 0.001
Yes 145 (11.6) 11 (1.0)
Alcohol No 832 (66.4) 787 (73.5) < 0.001
Yes 422 (33.6) 274 (26.5)
Sufficient sleep Enough 666 (53.2) 520 (48.5) 0.024
Not enough 586 (46.8) 552 (51.5)
Perceived stress Light 884 (70.4) 626 (58.4) < 0.001
Heavy 371 (29.6) 446 (41.6)
Abnormal liver function No 1,721 (94.1) 1,549 (96.6) 0.001
Yes 107 (5.9) 54 (3.4)
Family history of DM No 1,607 (87.9) 1,444 (90.1) 0.043
Yes 221 (12.1) 159 (9.9)
Family history of hypertension/CVA No 1,544 (84.5) 1,373 (85.7) 0.331
Yes 284 (15.5) 230 (14.3)
Family history of CVD No 1,769 (96.8) 1,569 (97.9) 0.046
Yes 59 (3.2) 34 (2.1)
Family history of liver disease No 1,755 (96.0) 1,519 (94.8) 0.081
Yes 73 (4.0) 84 (5.2)
BMI, body mass index; DM, diabetes mellitus; CVA, cerebrovascular accident; CVD, cardiovascular disease.
*p value calculated using the χ
2 test.
Metabolic Syndrome in Korean Children
Yonsei Med J Vol. 49, No. 4, 2008Su Jin Seo, et al.
Yonsei Med J Vol. 49, No. 4, 2008
perceived heavy stress (p < 0.001) and 5.9% of the
boys and 3.4% of the girls had abnormal liver
function (p = 0.001).
The prevalence of metabolic components in
children/adolescents using the three sets of
criteria
The prevalence of metabolic components based
on the three sets of criteria is summarized at Table
3. The percentage with high triglycerides was
highest [28.9% (95% CI: 26.8 - 30.9) of boys and
30.3% (95% CI: 28.1 - 32.6) of girls] using the
criterion of Cook et al., while the percentage of
high fasting blood glucose was highest [30.2%
(95% CI: 28.1 - 32.2) of boys and 26.0% (95% CI:
23.8 - 28.2) of girls] using the criterion of Cruz and
Goran. In addition, the percentage with a low
HDL cholesterol was highest [50.8% (95% CI: 48.5
- 53.1) of boys and 52.8% (95% CI: 50.3 - 55.2) of
girls] using the criterion of Ferranti et al.
Comparison of the prevalence of the MS according
to the degree of obesity using the three sets of
criteria
Table 4 summarizes the prevalence of the MS
using the three sets of criteria according to the
degree of obesity. The prevalence of the syndrome
using the criteria of Cook et al. increased with the
degree of obesity. About 60% of the severely
obese group in boys was diagnosed with the MS
using the criteria of Cook et al. In contrast, the
criteria of Ferranti et al. indicated different
features: although the prevalence of the MS
generally increased with the degree of obesity, in
the severely obese group in boys, the prevalence
of the MS was lower than in the moderately obese
group in boys. The prevalence of the MS in the
obese groups was higher than in the underweight
and normal weight groups in both sexes. Moreover,
in girls, the prevalence of the MS generally
increased with the degree of obesity. However,
the criteria of Ferranti et al. showed 0.0% in the
severely obese group, since the number of severe
obese girls was only 7 (0.4%).
The prevalence of the MS in children and
adolescents using the three sets of criteria
The MS was defined as having more than three
of the five metabolic components, no significant
differences were observed between the sexes. The
prevalence of the MS was 7.7% in boys and 6.1%
in girls using the criteria of Cook et al., 6.7% in
boys and 4.6% in girls using those of Cruz and
Goran, and 14.1% in boys and 16.2% in girls
according to Ferranti et al. (Table 5).
Of the 3,431 children and adolescents, 2,867
(83.6%) did not have the MS using any of the
Table 3. Comparison of the Prevalence of the Metabolic Syndrome in Children and Adolescents for Each Set of
Criteria
Boys (n = 1,828) (%, 95% CI) Girls (n = 1,603) (%, 95% CI)
Cook et al.
6 Cruz and Goran
7 Ferranti et al.
8 Cook et al.
6 Cruz and Goran
7 Ferranti et al.
8
Abdominal
obesity
11.5
(10.0 - 12.9)
11.5
(10.0 - 12.9)
23.8
(21.9 - 25.7)
11.5
(9.9 - 13.0)
11.5
(9.9 - 13.0)
23.5
(21.4 - 25.6)
Blood
pressure
18.9
(17.0 - 20.7)
18.9
(17.0 - 20.7)
18.9
(17.0 - 20.7)
20.5
(18.5 - 22.4)
20.5
(18.5 - 22.4)
20.5
(18.5 - 22.4)
Fasting blood
glucose
7.7
(6.6 - 8.9)
30.2
(28.1 - 32.2)
7.7
(6.6 - 8.9)
5.4
(4.2 - 6.6)
26.0
(23.8 - 28.2)
5.4
(4.2 - 6.6)
Triglyceride 28.9
(26.8 - 30.9)
11.1
(9.6 - 12.5)
36.1
(33.9 - 38.3)
30.3
(28.1 - 32.6)
11.8
(10.1 - 13.4)
38.1
(35.7 - 40.5)
Low-HDL
cholesterol
26.7
(24.9 - 28.5)
12.3
(10.8 - 13.8)
50.8
(48.5 - 53.1)
12.6
(10.7 - 14.5)
11.0
(9.4 - 12.6)
52.8
(50.3 - 55.2)
HDL, high-density lipoprotein.Metabolic Syndrome in Korean Children
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three sets of criteria, 564 (16.4%) had the MS using
one of the sets of criteria, and 147 (4.3%) had the
MS using all three sets of criteria (Fig. 1). Two
hundred and thirty-eight (6.1%), 197 (5.3%), and
516 (14.0%) children and adolescents met the MS
criteria of Cook et al., Cruz and Goran, and
Ferranti et al., respectively. Furthermore, 216
(41.9% of the subjects who met the criteria of
Ferranti et al.) subjects met the MS criteria of both
Ferranti et al. and Cook, 213 (41.3% of the subjects
who met the criteria of Ferranti et al.) met the
criteria of both Ferranti et al. and Cruz and Goran,
and 155 (55.4% of the subjects who met more than
one criterion of Cook et al. and Cruz and Goran)
had the MS according to the criteria of both Cook
et al. and Cruz and Goran.
The prevalence of the MS according to the
criteria of Cook et al. was similar to that of Cruz
and Goran, but the subjects meeting each set of
criteria differed markedly. The rate of MS was
Table 5. Agreement of the Prevalence of the Metabolic Syndrome in Children and Adolescents Using the Three Sets
of Criteria
Cook et al.
6 Cruz and Goran
7 Ferranti et al.
8 Agreement (%)*
Total (%) 6.1 5.3 14.0 88.7
Boys 7.7 6.7 14.1 89.0
Girls 6.1 4.6 16.2 86.5
*Percentage of participants who were classified as either having or not having the MS using all three sets of criteria.
Table 4. Comparison of the Prevalence of the Metabolic Syndrome according to the Degree of Obesity in the Different
Sets of Criteria
Boys
n (%)
Girls
n (%)
Cook et al.
6 Cruz and Goran
7 Ferranti et al.
8
Boys
n (%)
Girls
n (%) p value*
Boys
n (%)
Girls
n (%) p value*
Boys
n (%)
Girls
n (%) p value*
Underweight 91
(5.0)
160
(10.0)
0
(0.0)
0
(0.0)
NA 0
(0.0)
0
(0.0)
NA 0
(0.0)
0
(0.0)
NA
Normal 1,415
(78.3)
1,254
(78.4)
43
(3.0)
51
(4.1)
0.149 38
(2.7)
36
(2.9)
0.771 117
(8.3)
172
(13.7)
0.000
Mild
obesity
158
(8.7)
105
(6.6)
44
(27.7)
27
(25.5)
0.692 27
(17.1)
17
(16.2)
0.848 69
(43.7)
46
(43.8)
0.982
Moderate
obesity
110
(6.1)
74
(4.6)
36
(32.7)
19
(25.7)
0.306 36
(32.7)
18
(24.3)
0.220 58
(52.7)
34
(45.9)
0.367
Severe
obesity
32
(1.8)
7
(0.4)
18
(58.1)
0
(0.0)
0.009 15
(46.9)
4
(50.0)
1.000 14
(43.8)
4
(50.0)
1.000
Total 1,806
(100.0)
1,600
(100.0)
258 256 116 75 258 256
NA, not available.
*p value calculated using the χ
2 test.
Fig. 1. Agreement rate of the prevalence of the MS in
children and adolescents using the three sets of criteria.
MS, metabolic syndrome.Su Jin Seo, et al.
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similar as 6.1% (n = 238) and 5.3% (n = 197)
according to the criteria of Cook et al. and Cruz
and Goran, respectively, but 155 subjects (45.7%)
was different each other.
As noted, 147 subjects met all three sets of
criteria and constituted 26.1% of the subjects who
met at least two of the three sets of criteria for the
MS. The agreement rate for the prevalence of the
MS was 88.7% (89.0% in boys and 86.5% in girls,
Table 5).
To compare the agreement rate between pairs of
the three sets of MS criteria, we applied the Kappa
index, which was 0.693 (p < 0.001) using the
criteria of Cook et al. and Cruz and Goran, 0.528
(p < 0.001) using those of Cook et al. and Ferranti
et al., and 0.407 (p < 0.001) using those of Cruz
and Goran and Ferranti et al.
DISCUSSION
The prevalence of the MS in Korean children
and adolescents was 6.1, 5.3, and 14.0% according
to the criteria of Cook et al., Cruz and Goran, and
Ferranti et al., respectively. The agreement rate of
the prevalence of the MS among the three criteria
sets was 87.9%, but the subjects who were
categorized as having the MS differed.
Comparing the prevalence of the MS in children
and adolescents across studies is difficult because
different studies use different criteria to define the
syndrome. Searching PubMed using the words
"metabolic syndrome" AND "children" AND
"adolescents" on December 5, 2006, identified 82
papers published since January 2005, of which we
searched 21. Five papers (23.8%) used the modified
World Health Organization (WHO) criteria, 15
papers (71.4%) used the modified NCEP-ATP III
criteria, and one paper used a mixture of the
WHO and NCEP-ATP III criteria. Moreover, four
papers used the criteria of Cook et al. (26.7%), one
(6.7%) used the criteria of Cruz and Goran, none
(0.0%) used the criteria of Ferranti et al., and
ten(66.6%) used a various mixture criteria of Cook
et al., Cruz and Goran, and Ferranti et al.
The three sets of criteria reflected somewhat
different focuses in defining the MS. The criteria
of Cook et al. focused on the degree of obesity.
The BMI according to age- and sex-specific
percentiles was strongly associated with the MS
(in the group at risk of becoming overweight; OR
= 9.67; 95% CI: 3.57 - 26.22, in the overweight
group; OR = 22.33; 95% CI: 7.47 - 66.76, the data
was not suggested in this paper). Several studies
of obese children have used the criteria of Cook
et al. for defining MS.
9-12,18 Although, a lot of
studies have examined the association between
waist circumference and disease, only a few
studies have specifically targeted children and
adolescents. Therefore, waist circumference in
Asian children and adolescents as in adults
should be studied more.
19
The definition of the MS used by Ferranti et al.
was based closely on the ATP III adult criteria.
Thus, their MS criteria captured a larger adolescent
population
6 because they used equivalent
pediatric percentiles in setting the cutoff points for
triglycerides and HDL.
4 For example, Ferranti et
al. used a lower triglyceride cutoff point of 100
mg/dL in their MS criteria, including the 75th to
85th pediatric percentiles as equivalent to the
adult percentiles. The lower triglyceride cutoff
point of 110 mg/dL used by Cook et al. is
applicable to the 85th to 95th percentiles of
children, making it more restrictive than the
criteria of Ferranti et al.
The criteria of Cruz and Goran focused on
blood glucose in defining the MS in children and
adolescents. In our study, the prevalence of a high
fasting blood glucose was 30.1% in boys and
25.8% in girls because Cruz and Goran used a
fasting blood glucose cutoff of 100 mg/dL. In
contrast, with the criteria of Cook et al. and
Ferranti et al., the prevalence of a high fasting
blood glucose was 7.8% in boys and 5.6% in girls
because they both used a fasting blood glucose
cutoff of 110 mg/dL. In the criteria of Cruz and
Goran, the cutoff was based on the International
Diabetes Federation (IDF) cutoff in adults,
20 and
the prevalence of a high fasting blood glucose was
27%.
19 These studies indicate that the child and
adolescent populations with a fasting blood
glucose level of 100 to 110 mg/dL could easily
develop DM.
21 In our study, 1.7 % of the children
and adolescents had a fasting glucose level over
126 mg/dL, which leads to a suspicion of DM;
none of the participants answered the question do
you have DM in the affirmative, so their insightMetabolic Syndrome in Korean Children
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regarding DM was very low. In recent studies, the
proportion of type 2 DM in childhood has
increased, which is thought to be the result of an
increase in childhood obesity. A Taiwanese study
showed that 54.2% of newly diagnosed childhood
DM was type 2 DM.
22
Our study was also limited in several respect.
First, the disease in this data was recorded just
from the subject's answer because our study used
a secondary data from the 2001 KNHANES.
Second, the characteristics of the 10 and 11 year
olds were not included because the survey
examining health consciousness and behavior was
administered to subjects who were at least 12 year
olds. Third, the three sets of criteria suggested a
cutoff point for high blood pressure using the
sex-, age-, and height-specific 90th percentile,
while this study used a sex- and age-specific 90th
percentile cutoff only because of the small number
of cases. Fourth, we could not determine whether
the subjects had reached puberty which can affect
the level of clinical data, since this study used a
secondary data. We tried to minimize the error by
using sex- and age-specific cutoffs. Further studies
are needed to examine whether the subjects
reached puberty or not. Althogh, we compared
the MS criteria of Cook et al., Cruz and Goran,
and Ferranti et al. and determined the prevalence
of the MS in Korean children and adolescents
using the population-based, standardizedly assessed
data, and presented the agreement rates of the
three sets of MS criteria. Our study is very impor-
tant to investigate the impact of the different
existing definitions of the MS on the prevalence
in Korean children, which might have an
important Public Health relevance.
REFERENCES
1. Bitsori M, Kafatos A. Dysmetabolic syndrome in
childhood and adolescence. Acta Paediatr 2005;94:995-
1005.
2. Eckel RH, Grundy SM, Zimmet PZ. The metabolic
syndrome. Lancet 2005;365:1415-28.
3. Ford ES, Giles WH, Mokdad AH. Increasing prevalence
of the metabolic syndrome among u.s. Adults. Diabetes
Care 2004;27:2444-9.
4. National Cholesterol Education Program (NCEP):
highlights of the report of the Expert Panel on Blood
Cholesterol Levels in Children and Adolescents.
Pediatrics 1992;89:495-501.
5. Lim S, Park KS, Lee HK, Cho SI; Karean National
Health and Nutrition Examination Surveys. Changes in
the characteristics of metabolic syndrome in Korea over
the period 1998-2001 as determined by Korean National
Health and Nutrition Examination Surveys. Diabetes
Care 2005;28:1810-2.
6. Cook S, Weitzman M, Auinger P, Nguyen M, Dietz
WH. Prevalence of a metabolic syndrome phenotype in
adolescents: findings from the third National Health
and Nutrition Examination Survey, 1988-1994. Arch
Pediatr Adolesc Med 2003;157:821-7.
7. Cruz ML, Goran MI. The metabolic syndrome in
children and adolescents. Curr Diab Rep 2004;4:53-62.
8. de Ferranti SD, Gauvreau K, Ludwig DS, Neufeld EJ,
Newburger JW, Rifai N. Prevalence of the metabolic
syndrome in American adolescents: findings from the
Third National Health and Nutrition Examination
Survey. Circulation 2004;110:2494-7.
9. Sung EJ. A metabolic syndrome phenotype in Korean
children and adolescents: prevalence and change in
characteristics over the period 1998-2001 [dissertation].
Seoul: Seoul National Univ.; 2005.
10. Chang JH, Kim DH, Kim HS, Choi IK, Cheong MY,
Kim DK. Prevalence of metabolic syndrome in obese
children. Korean J Pediatr 2004;47:1149-56.
11. Park HS, Han JH, Choi KM, Kim SM. Relation between
elevated serum alanine aminotransferase and metabolic
syndrome in Korean adolescents. Am J Clin Nutr 2005;
82:1046-51
12. Lambert M, Paradis G, O'Loughlin J, Delvin EE, Hanley
JA, Levy E. Insulin resistance syndrome in a
representative sample of children and adolescents from
Quebec, Canada. Int J Obes Relat Metab Disord 2004;
28:833-41.
13. Csábi G, Török K, Jeges S, Molnár D. Presence of
metabolic cardiovascular syndrome in obese children.
Eur J Pediatr 2000;159:91-4.
14. Ministry for Health, Welfare and Family Affairs. The
Third Korea National Health and Nutrition Examina-
tion Survey (KNHANES III), 2005 - Health Examination
- (accessed December 19, 2006). Available from: URL:
http://www.mw.go.kr/user.tdf.
15. Korean Pediatric Association. The Body development
standard in children and adolescents 1998. Contract
No.: HMP-96-M-1-1002. Sponsored by the '96 Good
Health R&D Project, Ministry of Health and Welfare,
R.O.K. Seoul: Guangmoon Press; 1999.
16. Thompson FE, Byers T. Dietary assessment resource
manual. J Nutr 1994;124 (11 Suppl):2245S-317S.
17. Park HS, Oh SW, Cho SI, Choi WH, Kim YS. The
metabolic syndrome and associated lifestyle factors
among South Korean adults. Int J Epidemiol 2004;33:
328-36.
18. Duncan GE, Li SM, Zhou XH. Prevalence and trends
of a metabolic syndrome phenotype among u.s.
Adolescents, 1999-2000. Diabetes Care 2004;27:2438-43.
19. Cruz ML, Bergman RN, Goran MI. Unique effect ofSu Jin Seo, et al.
Yonsei Med J Vol. 49, No. 4, 2008
visceral fat on insulin sensitivity in obese Hispanic
children with a family history of type 2 diabetes.
Diabetes Care 2002;25:1631-6.
20. International Diabetes Federation. The IDF consensus
worldwide definition of the metabolic syndrome
(accessed July 18, 2006). Available from: URL: http://
www.idf.org/webdata/docs/Metabolic_syndrome_defi
nition.pdf.
21. Expert Committee on the Diagnosis and Classification
of Diabetes Mellitus. American Diabetes Association:
clinical practice recommendations 2002. Diabetes Care
2002;25 Suppl 1:S1-147.
22. Wei JN, Sung FC, Lin CC, Lin RS, Chiang CC, Chuang
LM. National surveillance for type 2 diabetes mellitus
in Taiwanese children. JAMA 2003;290:1345-50.